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(S) Coating composition for optical plastic moldings. 

(57) A coating composition that can be applied to optical plastic moldings having a high refractive index, 
to protect them from deterioration by light without any adverse effect on their optical functions. The 
coating composition contains the following essential constituents. 

(A) 1 part of a hydrolyzate of a silane compound ; 

(B) 0.2-5 parts of titanium oxide-based composite fine particles having a particle diameter of 1-100 nm 
in which titanium oxide integrally combines with (i) iron oxide, with the ratio of iron oxide to titanium 
oxide being 0.005-0.15 by weight; or (ii) silicon oxide with the ratio of silicon oxide to titanium oxide 
being 0.03-0.7 by weight ; 

(C) 0.02-0.5 part of an unsaturated or saturated polycarboxylic acid or an anhydride thereof ; and 

(D) 0.01-0.2 part of a heat-curing catalyst. 
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The present invention relates to a coating composition for optical plastic moldinos The t*rm .„„«„, „, ». 

Optical plastic moldings are expected to find use in various fields on account of their outstandino rhara, 

Jin r P ?H ert,eS SUd L aS li9ht Wei9ht ' 9 ° 0d P™"™"™* and high impact resista ^ However 2 use has 
been hm,ted owing to their low hardness and poor resistance to scratch, light, and heat. ^'d to decrease 

an tirr s r d :? stance to scratch and nght as they increase > n ^ * *^!*£zzz 

vantages, optical plastic moldings are usually provided with hard coating film The present nintaTh«rt T»~ 

zti:::7 a v coatin9 con r ition for ,his purpose (japanese p ^ *^no.^»!S z 

SSf ? T C ° mP0Und haVi " 9 a " 6P0Xy 9r0Up ' Carboxy,ic acid ' and curi "9 agent and is appLole 
to dyeable optical plasbc moldings. It has been put to practical use appl.cable 

Unfortunately, this coating composition has been found to have a disadvantaae that it hrinnc ahn » , 
-nterference when it is applied to optical plastic moldings having a refract ^inTex h ghe Si 6 be L ? 
g.ves rise to a coating film having a refractive index in the neighbourhood of 1 5 The interfemnce i! tl ! ' 
to the performance of the optical plastic moldings. Another dLdvantege is 1^^!^^^ 
in adhesion as the optical plastic moldings are deteriorated by light 9 C ° meS ^ 

III ZrJl^T ^ C ° mP,eted 10 r6dUCe ° r e "' minate the abov e-mentioned disadvantages, 
whi J comprises ^ ' nVent, ° n " ,n 3 C03ting COmpOSiti0n for optica, plastic moldings. 

(A) 1 part by weight of a hydrolyzate of a silane compound- 

Snn™ 5 P t S h by , wei9ht of titanium °xide-based composite fine particles having a particle diameter of 1- 

l^^Z^ 9 ^ combines with iron oxide - with the ^ 

whic^m^ 

(A) 1 part by weight of a hydrolyzate of a silane compound- 

(B) 1 0.2-5 parts by weight of titanium oxide-based composite fine particles having a particle diameter of 1 

r o m x^^ 

same ^dTnCj i^nr tin9 ri T P ° Siti0n ° f ^ Pr6Sent inV6nti ° n differs fram the conventional one of the 
We based rl^l? r ' > ? 0r9anosilicon com P oun <* (as the major constituent), special titanium ox- 

which h^^l the PreS , 6nt inVenti ° n th6re may be pr0Vided a coatin 9 imposition for optical plastic moldings ' 
which has Utile or no adverse ef fect on the optical performance when applied to optical plastic mofd ngThaZ 

The con ^ ^Z" * """"" ^ ^ P ' aStic moWln 8- t™*JJ^W 
The constrtuents of the coating composition are explained in what follows. (Their amounts are expressed 
m terms of parts by weight, unless otherwise specified.) amounts are expressed 

(A) Hydrolyzate of silane compound: 

, u D , , R a 1 R b 2 Si (OR 3 )4_ (a+b) (1) g 

(where Ri denotes a C 2 . 8 organic group having an epoxy group; R^.is a c,_ 3 hy^>carbon group haloqenated 
hydrocarbon group or aryl group; R 3 is a C M alky, group, a.koxy group, or ac^roup; and a = 'l b = 1 o 2 
Examples of the silane compound are given below. " ' 
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glycidoxymethyltrimethoxysilane, 

glycidoxymethyltriethoxysilane, 

glycidoxymethyltripropoxysilane, 

glycidoxymethyltributoxylsilane, 
5 a-glycidoxyethyltrimethoxysilane, 

a-glycidoxyethyttriethoxysilane 

a-glycidoxyethyltripropoxysilane, 

a-glycidoxyethyltributoxysilane, 

p-glycidoxyethyitrimethoxysilane, 
10 p-glycidoxyethyitriethoxysilane, 

p-glycidoxyethy!tripropoxysilane, 

p-glycidoxyethyltributoxysilane, 

a-glycidoxypropyltrimethoxysilane, 

a-glycidoxypropyltriethoxysilane, 
15 a-glycidoxypropyltripropoxysilane, 

ct-glycidoxypropyltributoxysilane, 

p-glycidoxypropyltrimethoxysilane, 

p-glycidoxypropyltriethoxysilane, 

p-glycidoxypropyltripropoxysilane, 
20 p-glycidoxypropyltributoxysilane, 

y-glycidoxypropyltrimethoxysilane, 

y-glycidoxypropyltriethoxysilane, 

y-glycidoxypropyltributoxysilane, 

a-glycidoxybutyltrimethoxysilane, 
25 a-glycidoxybutyltriethoxysilane, 

a-glycidoxybutyltripropoxysilane, 

a-glycidoxybutyltributoxysilane, 

p-glycidoxy butyl trimethoxysiiane, 

p-glycidoxybutyltriethoxysilane, 
30 p-glycidoxybutyitripropoxysilane, 

p-glycidoxybutyltributoxysilane, 

y-glycidoxybutyltrimethoxysilane, 

y-glycidoxybutyltriethoxysilane, 

y-glycidoxybutyltripropoxysilane, 
35 y-glycidoxybutyltributbxysilane, 

glycidoxymethylmethyldimethoxysilane, 

giycidoxymethylmethyldiethoxysilane, 

glycidoxymethylmethyldipropoxysilane, 

gly cidoxymethylmethy Id ibutoxysilane, 
40 a-glycidoxyethylmethyldimethoxysilane, 

a-glycidoxyethylmethyldiethoxysilane, 

a-glycidoxyethylmethyldipropoxysilane f 

a-glycidoxyethylmethyldibutoxysilane, 

P-glycidoxyethylmethyldimethoxysilane, 
4 5 p-glycidoxyethylmethyldiethoxysilane, 

a-glycidoxypropylethyldimethoxysilane, 

a-glycidoxypropylethyldiethoxysilane, 

p-glycidoxypropylethyldimethoxysilane, 

y-glycidoxypropylethyldipropoxysilane, 
50 y-glycidoxypropylethy!butoxysilane. 

(2) It is desirable that the above-mentioned silane compound be used in combination with a tetraalkoxysi- 

lane represented by the formula (2) below. 

Si(ORi) 4 (2) 
(where R 1 denot s an aikoxy group or alkoxyalkyl group.) 
55 Examples of the tetraalkoxysilane are given below, 

tetramethoxysilane, 
tetraethoxysilane, 
tetrapropoxysilane, 

3 
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35 



40 



45 



SO 



55 



tetrabutoxysilane, 
tetramethylmethoxysilane, 
tetraethylethoxysilane, 
tetrapropylpropoxysilane, 
> tetrabutylbutoxysilane. 

ciJ!! Si ' a . ne compound havip 9 an e P° xv group represented by the formula (1) above imparts wear r* 
The tet a r a T' StanCe ' h0tWate 

The tetraalkoxy s.lane represented by the formula (2) above imparts wear resistance to the coTt nTfilm but 

o coatmg compostfion of the present invention contains either or both of these silane compounds InX .JJl 
case^ he rat, of the first silane compound to the second should preferab.y be from iTl^^JT 

hviii xuT Und Sh ° Uld be hydr ° ,yZed With pure water ^anacidicaqueoussolution^chasd ute 

hyd ochlonc acd). The hydrolysis may be accomplished after the silane compound has been miS with ft? 
vent. Examples of the solvent include lower alcohols, ketones, ^-UiiLT^SZ^S^ 

' sTaox r 5 u 8 n t To a r erate * e initiai condensation reaction - the -iln should r b ?zz* 

50-80 C for 5-8 hours; alternately, the solution shou.d be allowed to stand at room temperature for 24-8^ 

(B) Titanium oxide-based composite fine particles: 

0 2 l^TZ^T^f^ titaniUm OX,de - based <*"P°««» "n. particles should be used in an amount of 

tht n , n ? h w V ° 5 " 3 PartS) f ° r 1 Part ° f the hydro, * zate of the sila "e compound. With an amoun^ess 
than 0 2 part, they do not make the coating film to screen near ultraviolet rays. Witt, an aZnt^cess of 5 

Tht LouTA White T? ° f C03tin9 f " m 3nd r6dUCe the SCratch ^ the coa^g ^m 

They should have a part.de diameter of 1-100 nm (preferably 2-60 nm). With a particle diamete V ma ii« 

dimeter larger than 100 nm, they cause the whitening of the coating film P 
nJ^Hl ?T 'T ° xide - based cor "P°site fine particles, titanium oxide combines with iron oxide or silicon 

composite oxide or <b) a so,,d — — 

»rt Jc h t v" taniUm .° XiC l!: baSed composite f ine P article s suppress the optical activity without impairing the char- 
acter^ p^^^ (h.gh refractive index), unlike the conventional fine particles made uTSZflum SSL 

^^sr** both the coatin9 n,m and subs ™ e <~* ic 

In the first embodiment, the ratio of iron oxide to titanium oxide should be 0.005-0 1 5 (preferably 0 01 0 ^ 
Wrth a ratio lower than 0.005, hardly the optical activity of titanium oxide can inhibit I th the^e uU Sat the 

n P,a it m ° ldin9) deteri0rateS 3nd the f ilm itse,f al - --^I^X^XIS 

and poor adhesion. W,th a ratio in excess of 0.15, the fine particles brings about the coloring i The coaZ 

t'Z^lt Wh K h J imitS th ! aPPliCab '° n area ° f the COati "3 f ilm for °P« ca ' P' a s«c moTg COat,n9 
0 m w>h ? d emb0diment ' the rati0 of silicon to titanium oxide should be 0.03-0.7 (preferably 0 05- 
0.5). W th a raao lower than 0.03. hardly the optical activity of titanium oxide can inhibit wkh the ^resLlt Ltfhe 
substrate (opfcal P .astic molding) deteriorates and the coating film itself also ^S^^^Z^ 

"e reTacti H° n - T * ^ 6X0633 ° f ° J ' ° Xide makes titanium <*^J^£CZ%Z 
T^h TT COatinQ f ThlS mak6S the COatin 9 f ilm unsuitab '« optical plastic l.dinas hav inq 

a h l9 h refractrve .ndex and hence limits the application area of the coating film 9 

sih Jn oJ? n ' Um ° Xide - baS6d com P°site fine particles in the first embodiment may also be incorporated with 

Zno^ 

oxide^ 

do ■ afe oomprt,M "y with the silane c ^P°"nd and hence the coating compos ion has a short 

11 1 , » ? y ' ^' th 3 rati ° ° f Si ' iCOn ° Xide hi9her than ° 7 - the fine Prudes do not ImJ^l^SSS 
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(3) The combination of titanium oxide with iron oxide may be accomplished in the usual way (as disclosed 
in, for example, Japanese Patent Laid-open No.17821 9/1990) by deflocculating hydrated titanium oxide sol 
and hydrated iron oxide sol by the aid of an acid, dissolving the deflocculated product in hydrogen peroxide, 
and heating the solution for hydrolysis. Similarly, the combination of titanium oxide with iron oxide and silicon 
oxide may be accomplished by deflocculating hydrated titanium oxide sol and hydrated iron oxide sol by the 
aid of an acid, dissolving the deflocculated product in hydrogen peroxide, adding a. dispersion of silicic acid, 
for example, which is prepared through dealkalization of an alkali-silicate aqueous solution, and heating the 
solution for hydrolysis. 

The thus obtained hydrolyzate is a dispersion of fine particles. This hydrolyzate is preferably refined with 
iron exchange, reverse osmosis, ultrafiltration, or vacuum evaporation and so on. 

(4) The titanium oxide-based composite fine particles should preferably be treated with a silane coupling 
agent for surface modification. The surface modification improves the compatibility of the fine particles with 
the silane compound, with the result that the coating composition has improved scratch resistance. 

The surface modification makes the composite fine particles readily dispersible as the result of blocking 
with a silane coupling agent the hydroxyl groups of titanium oxide, - on oxide, and silicon oxide. Examples of 
the silane coupling agent (as surface modifier) include tetramethoxysilane, methyltrimethoxysilane, trimethyl- 
chlorosilane, vinyitriethoxysilane, y -glycidoxypropyltriethoxysilane, and y -glycidoxypropylmethyldiethoxysi- 
lane. The surface modification may be done in the usual way by, for example, dipping the fine particles in an 
alcohol solution of the silane coupling agent. 

(C) Polycarboxylic acid: 

(1) The polycarboxylic acid is either saturated one or unsaturated one or an anhydride thereof. It should 
be used in an amount of 0.02-0.5 part, preferably 0.05-0.4 part, for 1 part of the hydrolyzate of the silane com- 
pound. 

The polycarboxylic acid causes silanol groups to condensate after hydrolysis of the silane compound, giv- 
ing rise to a polysiloxane having a carboxyl group in the side chain, so that the resulting coating composition 
is dyeable and provides a coating film having good resistance to heat, hot water, and wear, good antistatic prop- 
erty, and high surface hardness. In addition, the polycarboxylic acid also functions as a cocatalyst to activate 
the heat-curing catalyst mentioned later. 

With an amount less than 0.02 part, the polycarboxylic acid is not enough to improve the coating film in 
hot water resistance, wear resistance, and surface hardness. With an amount in excess of 0.5 part, the poly- 
carboxylic acid bl9oms to impair the appearance of the coating film. 

(2) Examples of the polycarboxylic acid include maleic acid, maleic anhydride, fumaric acid, fumaric an- 
hydride, itaconic acid, itaconic anhydride, citraconic acid, citraconic anhydride, malic acid, malic anhydride, tet- 
rahydrophthalic acid, nadic anhydride, chloromaleic acid, HET acid (chlorendic acid), trimellitic acid, trimellitic > 
anhydride, pyromellitic acid, and pyromeHitic anhydride. Of these examples, maleic acid, itaconic acid, trimellitic 
acid, and trimellitic anhydride are preferable. 

(D) Heat-curing catalyst: 

(1) The heat-curing catalyst catalyzes the polymerization of epoxy groups in the silane compound and the 
polycondensation of silanol groups, thereby increasing the degree of crosslinking of the coating film resin. 

The heat-curing catalyst should be used in an amount of 0.01-0.2 part, preferably 0.02-0.15 part, for 1 part 
of the silane compound. With an amount less than 0.01 part, it does not impart sufficient hot water resistance, 
wear resistance, and surface hardness to the coating film. With an amount in excess of 0.2 part, it blooms to 
impair the appearance of the coating film. 

(2) Examples of the heat-curring catalyst include imidazole compounds represented by the formula (3) be- 
low. 
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iTn h rp R ? en ! te l hy , dr ° 9en ° r 3 ° 1 - 3 Cyan ° a,kyl 9r ° UP: R2 den0tes a P he ny' 9™P> or a Cl 3 alkvl 

d £ : ro9en °: * Ci - 3 alkyi group ' cyanoa,kyi ^ a,ko ^« - .uu^^^ 

and R4 denotes hydrogen, a hydroxymethyl group, or a C M alkoxyalkyl group.) . P ' 

Examples of the imidazole compounds are given below. 
2-methylimidazole, 
2-ethylimidazole, 

2-ethyl-4-ethylimidazoIe, ■ " 

2-propylimidazoie, 

2-propyl-4-methyIimidazole, 

2-propyl-4-ethylimidazole, 

2-phenylimidazole, 

2-phenyl-4-methylimidazole, 

1-cyanomethyl-2-methylimidazole, 

1-cyanoethyl-2,4-dimethylimidazoie, 

1-cyanoethyl-2-propyiimidazole, 

1- cyanoethyl-2-phenylimidazole, 

2- phenyl-4-methyl-5-hydroxymethylimidazole, 
2-phenyl-4,5-dihydroxymethylimidazole, 
1-cyanoethyl-2-phenyl-4,5-dicyanoethoxyimidazole 

1-cyanoethyl-2,4-dimethyIimidazole, 
1-cyanoethyl-2-propylimidazole, 
1-cyanoethyl-2-phenylimidazole, 
1-cyano-2-phenyl-4,5-dicyanomethylimidazole. 

In addition to the above-mentioned imidazole compounds, the heat-curing catalyst includes dicvandiamid. 
Remecks's salt, and acetylacetone metal salt represented by the formula (4) below d W*"™*. 

M(CH 2 COCH 2 COCH 3 ) n (4) 

jstissi* co ( ""' Fe cr m - » " <"* « » 15 - « - » —> — p— 

(E) Preparation and application of the coating composition: 

< 1) ™ e COatin9 com POsition of the present invention should preferably be incorporated with a varietv of 
additives to improve the performance of the coating film. corporatea with a variety of 

'mm ! X !7' eS ° f thS additiVS t0 impr0Ve the adhesion of the coati "9 film to the substrate (optical plastic moid, 
el 1 T° Ve the , dyeabilif y of the coati "9 «* '"dude oolyolefin-based epoxy Ji^^yJSE 

^Zt;r"HH; P ^ r ^ ,,n biSPhe " 01 A - 9lyCI ' dyl and" acr^ Zo^ 

Examples of the additive to protect the substrate from ultraviolet rays include benzophenone based ben 
zotnazole-based, and phenol-based UV light absorbers. °enzopnenone Based, ben- 

The coating composition may also be incorporated with a silicone-based or fluorine-based surfactant m 
a levelling agent to improve the smoothness of the coating film surfactant as 

(2) The coating composition of the present invention may be applied in the usual way by brushing rollina 

<j^^ p ^^z rsssr such as de9reasin9 (wi,h an acid> a,ka,i - 

preferatv^o'Sr' T°°T 9 T*" of the P resent invention should be cured by heating at 60-150»C. 
pret erably 80- 100°C, depending on the substrate, for 2-3 hours. ' 

(3) The coating composition of the present invention may be applied to those substrates footical nl^tir 

emane, anpnatic aryl carbonate, and aromatic aryl carbonate 

The invention will be described in more detail with reference to the following Examples and Comoarative 
examples, which are not intended to restrict the scope of the invention. and Comparative 
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(A) Substrates and heat-curing catalysts: ' 

(1) A molded product of polycarbonate ("Lexan" made by General Electric Co., Ltd. was used as the sub- 
strate in Examples 1 to 3, and 1Ato 3A, and Comparative Examples 1 to 3. A spectacle lens (specified below) 
5 was used as the substrate in Examples 4 to 10, and 4 A to 10A, and Comparative Examples 4 to 6, 4A to 6A, 
and 7 and 9. 

The spectacle lens (80 mm in diameter, 2 mm thick at the center, and diopter -2.00D) was molded by casting 
from a monomer mixture composed of 90 parts of diallyl diphenate, 1 0 parts of urethane acrylate ("NKU-200AX" 
made by Shin-Nakamura Kogyo Co,, Ltd.), and 4 parts of diisopropyi peroxydicarbonate. 
10 (2) Heat-curing catalysts are identified by the following codes. 

IM-4 .... 2-ethyl-4-methylimidazole, 
IM-8 .... 2-phenyl-4-methylimidazole, 
IM-12 ... 1-cyanoethyl-2-methylimidazole. 

15 (B) The coating film was tested for performance in the following manner. The results are shown in Tables 1 
to 3. 

(a) Wear resistance test 

Wear resistance was tested by rubbing the sample with steel wool (#0000) and rated according to 
20 the following criteria. 

A : hardly scratched 
B : slightly scratched 
C ; heavily scratched 
(a) Surface hardness test 

25 Surface hardness was tested using a pencil scratch tester (1 kg load) according to JISK-5400. The 

result is expressed in terms of the highest pencil hardness at which the sample was not scratched. 

(c) Appearance test 

Appearance was evaluated by observing the presence or absence of interference fringe and haze. 
The observation of interference fringe (iridescent color) was accomplished by causing the sample 
30 to reflect the lightfrom a fluorescent lamp* in a dark room. (* three-wavelength type, daylight color, "Lupica- 

Ace" 15W, made by Mitsubishi Electric Corporation.) Rating is based on the following criteria. 
A : no iridescent color 
B : slight iridescent color 
C : apparent iridescent color 

35 The observation of haze was accomplished by causing the sample to transmit light from a fluores- 

cent lamp (as mentioned above) in a dark room. 

(d) Adhesion test 

Adhesion was tested according to JISD-0202 and the result is expressed in terms of the. number of 
cross cuts (out of 100) which remained after three repetitions of peeling by cellophane adhesive tape. 
40 (e) Hot water resistance test 

Hot water resistance was evaluated by observing the appearance of the sample and the adhesion 
of the coating film after the sample had been immersed in boiling water (100°C) for 1 hour. 

(f) Weather resistance test 

Weather resistance was evaluated by observing the appearance of the sample after exposure for 
45 400 hours in an accelerated weathering tester ("Sunshine Superlonglife Weather-o-meter" made by Suga 

Shikenki Co., Ltd.) 

(g) Dyeability test 

Dyeability was evaluated by measuring the decrease of light (at 550 nm) passing through the sample 
which had been dipped in a dye solution for 5 minutes. The dye solution was prepared by dissolving 0.4 
50 . part of dye ("Dianix Brown 2B-FS" made by Mitsubishi Chemical Industries Ltd.) and 0.4 part of surface 
active ag nt ("GNK-01" mace by Nihon Senka Kogyo Co., Ltd.) in 100 parts of hat water (90°C). The de- 
creas of light was measured using a luminous transmittance factor meter ("Core SMS-1" made by Uji- 
Kodensha Co., Ltd.). The dyeability is rated according to the following criteria, 
good : decrease of light more than 30% 
55 fair : decrease of light from 20% to 30% 

poor : decrease of light less than 20% 
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Examples 1 to 3 and 1A to 3A • • . . 

(1) Preparation of hydrolyzate of silane compound 

n* r **n!Z ° f y - g,ycido ?ye ro ey ,trimetho *ysilane and 110 parts of tetraethoxysilane were mixed with 54 
wrth 92 parts of methyl alcohol and 200 parts of methyl ethyl ketone by stirring for another Thou The 

■ isT™ e " stand at room tempera,ure for 24 houre - The 

(2) Preparation of coating composition 

below' 0 PartS ° f HG " 4 ° miX6d titaniUm oxide - based compete fine particles as speeded 

^ ,n Exam P les1to3.45 parts of "O P tolake-1130F» (made by Catalysts and Chemicals Industries Co 

ai h i * = B ' Z PartiC,S di3meter = 15 nm ' Solids content = 30 %. aspersing medium fmemvi 
alcohol, surface modifier = tetraethoxysilane '"gmeaium methyl 

Co h L^"» ^s^^-^T T ^ iC - 11 " (made by CatalyStS & Chemicals 

* i i i . . " P diam eter = 15 nm, solids content = 30%, dispersing solvent = me 

thyl alcohol, surface modifier = tetraethoxysilane. 9 me " 

^ Subsequently, 12 parts of itaconic acid was added by stirring at 1 20 rpm for 1 hour. Finally 4 parts of 

39ent) - "™ ^ 1 - — * - 2 hoL 4 PartS 

■ (4) formation of coating film . y a- 

The coating composition was applied to the predated substrate by dipping (at a pull-uo rate of 70 
mm/mm). Curing was carried out at 100°C for 2 hours. P 

Examples 4 to 6 and 4A to 6A 

(1) Preparation of hydrolyzate of silane compound 

n art 2 °° pa ^ S , 0f 1 y - 9 "y cidox yP ro Py |trim ethoxysilane and 35 parts of tetraethoxysilane were mixed with 92 

^^^■2"? 54 TV' °-° 1N aqU60US S0,Uti ° n ° f h * droch,oric acid «>y s'rT,g at Cm 
Th A ° .? W3S d " Uted With 200 Parts 0f isopro Py' alcono1 b y stirring for another 2 houre 

(2) Preparation of coating composition 

be.ow 9 ° ° f HG " 41 ^ miX6d With titan ' Um oxide - bas ^ composite fine particles as specified 

£ ' UdT Tift o° - Sr?n^^ 13 ° Fr1 " (made by Cata ' yStS and Chemicals lndustries 
30* dtilSf 2 w ~ ' S, 5 V < T,0 » + Fe 2°3) = 10/90, particle diameter = 15 nm, solids content- 
30 A. dispersing medium = methyl alcohol, surface modifier = vinyltriethoxysilane 

°H?T n Titanic - 11 - 1 " (made by Cata,yst ' s and Chemicals lnd - 

-1*:; I ? 2 2 ~ °* Part,de d ' ameter = 15 nm > so,ids conten * = 30%, dispersing medium 
- methyl alcohol, surface modifier = tetraethoxysilane meaium 

Subsequently, 12 parts of polycarboxylic acid as shown in Table 2 was added. Finally 5 parts of acet- ' 
yiacetone zinc and 0.5 part of levelling agent ("Rorad FC-430, made by Sumitomo 3M Co , Ltd ) He add- 

(3) Pretreatment of substrate 

fhiiJS H UbStrate 7* immerSed iP 3 10% aqUe0US S0luti0n of sodium ^roxide <* 50=C) for 10 minutes 
o owed by rinsing for 5 minutes, immersing in pure water for 3 minutes and oven drying 

(4) Formation of coating film y 9 " 

nf on The ? at] ? 9 , C ° mposition was a PP |ied t0 the Predated substrate by dipping (at a level lowering rate 
of 90 mm/mm). Curing was carried out at 100X for 2 hours. lowering rate 

Examples 7 and 7 A 



(a) In Example 7: 90 pam of •Opto.ake-1130F.2- (mad, by C a ( alys 1S and Chemicals Industries Co.. Lid.) 
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Ti0 2 /Fe 2 O 3 = 98/2, Si0 2 /(Ti0 2 + Fe 2 0 3 ) = 1 0/90, particle diameter = 20 nm, solids content = 30%, dispersing 
medium = methyl alcohol, surface modifier = y-glycidoxypropyltriethoxysilane. 

(b) In Example 7A: 90 parts of "Queen Titanic-11" (made by Catalysts and Chemicals Industries Co., Ltd.), 

the same one as used in Example 1. 
5 Subsequently, 1 0 parts of trimeilitic anhydride was added. Finally, 5 parts of dicyandiamide and 2 parts of 

levelling agent ("SILWET L-77 ,f made by Nippon Yunika Kogyo Co., Ltd.) were added. 

The same procedure as in Example 4 was used for the pretreatment of the substrate and the formation of 
the coating film. 

w Examples 8 and 8A 

Each of the spectacle lenses prepared in Examples 7 and 7A underwent vacuum deposition for coating 
with Si0 2 (X74), Zr0 2 (A/4), Si0 2 (X/4), Zr0 2 (A/4), Si0 2 (X/4), Zr0 2 (XI4) t and Si0 2 (A/2) (where X = 520 nm), in 
order starting from the obverse. 

15 

Examples 9 and 9A 

The same procedure as in Examples 7 and 7A was repeated except that 10 parts of trimeilitic anhydride 
was replaced by 12 parts of itaconic acid. 

20 

Examples 10 and 10A 

Each of the spectacle lenses prepared in Examples 9 and 9A underwent vacuum deposition for coating 
with Si0 2 (A/4), Zr0 2 (X/4), Si0 2 + Zr0 2 (A/4), and Si0 2 (A/8), (where X = 520 nm), in order starting from the 
25 obverse. 

Comparative Examples 1 to 3 and 1A to 3A 

These comparative examples are intended to show the effectiveness of the titanium oxide-based compo- 
site fine particles by comparing them with titanium oxide fine particles. 

The same procedure as in Examples 1 to 3 and 1A to 3A was repeated except that the titanium oxide-based 
composite fine particles were replaced by titanium oxide fine particles "Sunveil 11-1530** (made by Catalysts 
and Chemicals Industries Co., Ltd., Ti0 2 solids content = 30%, particle diameter = 15 nm), the dispersing me- 
dium was replaced by methyl alcohol, and the surface modifier was replaced by tetraethoxysiiane. 

Comparative Examples 4 to 6, 4A to 6A, 7 and 9 

The same procedure as in Examples 4 to 7, 4Ato 6Aa, 7 and 9, was repeated except that the titanium oxide- 
based composite fine particles were replaced by titanium oxide fine particles (the same one as used in Com- 
40 parative Example 1). 
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Claims 

1. A coating composition for optical plastic moldings which comprises; 

(A) 1 part by weight of a hydrolyzate of a silane compound; 
5 (B) 0.2-5 parts by weight of titanium oxide-based composite fine particles having a particle diameter 

of 1-100 nm in which titanium oxide integrally combines with iron oxide, with the ratio of iron oxide to 
titanium oxide being 0.005-0.15 by weight; 

(C) 0.02-0.5 part by weight of an unsaturated or saturated polycarboxylic acid or an anhydride thereof; 
and 

w (D) 0.01-0.2 part by weight of a heat-curing catalyst. 

2. A coating composition for optical plastic moldings as claimed in Claim 1 f wherein the silane compound is 
one which is represented by the formula:- 

R a iR b 2Si(OR3) Ma+b) 

15 (where R 1 denotes a C 2 _8 organic group having an epoxy group; R 2 is a C^ hydrocarbon group, halogen- 

ated hydrocarbon group, or aryl group; R 3 is a C^ alkyl group, alkoxy group, or acyl group; and a = 1, b 
= 1or2.) 

3. A coating composition for optical plastic moldings as claimed in Claim 1 or 2, wherein the titanium oxide- 
20 based composite fine particles are those in which titanium oxide is integrally combined with iron oxide 

and silicon oxide, with the ratio of iron oxide/titanium oxide being from 0.005 to 0.1 5 and the ratio of silicon 
oxide/(iron oxide + titanium oxide) being from 0.03 to 0.70 by weight. 
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4. A coating composition for optical plastic moldings as claimed in any one of the preceding claims, wherein 
the titanium oxide- based composite fine particles are those which are surface-modified with a silane cou- 
pling agent. 

5. A coating composition for optical plastic moldings which comprises: 

(A) 1 part by weight of a hydrolyzate of a silane compound; 

(B) 0.2-5 parts by weight of titanium oxide-based composite fine particles having a particle diameter 
of 1-100 nm in which titanium oxide integrally combines with silicon oxide, with the ratio of silicon oxide 
to titanium oxide being 0.03-0.7 by weight; 

(C) 0.02-0.5 part by weight of an unsaturated or saturated polycarboxylic acid or an anhydride thereof; 
and 

(D) 0.01-0.2 part by weight of a heat-curing catalyst. 

6. A coating composition for optical plastic moldings as defined in Claim 5, wherein the silane compound is 
one which is represented by the formula below. 

R a 1 Rb 2 Si(OR3) Ma+b) 

(where R 1 denotes a C 2 _s organic group having an epoxy group; R 2 is a C^ hydrocarbon group, halogen- 
ated hydrocarbon group, or aryl group; R 3 is a C^ alkyl group, alkoxy group, or acyl group; and a = 1, b 
= 1 or 2.) 

7. A coating composition for optical plastic moldings as claimed in Claim 5 or 6, wherein the titanium oxide- 
based composite fine particles are those which are surface-modified with a silane coupling agent. 
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